It was found that Pseudomonas saccharophila produced a maltotetraose-forming enzyme . The enzyme was purified by ammonium sulfate fractionation and column chromatography on DEAE-Toyopearl 650M and Toyopearl HW-55s. The activity recovery was 19% at the final step of the purification . The purified enzyme was homogeneous electrophoretically and its molecular weight was 62 , 000. The optimum pH and temperature were 6.7 and 55•Ž , respectively.
The enzyme was stable up to 40•Ž in the pH range of 5.5 to 10.5 for 1 hr, and thermostable in the presence of 2 mM CaCl2 up to 45•Ž . The isoelectric point of the enzyme was 4.7.
The enzyme activity was inhibited by metal ions such as Ag+, Hg2+ , Cot, Cue, Fe3~, A13+, Zn2~, and enhanced by Sr2t
The enzyme specifically produced maltotetraose from starch , did not act on glucose, maltose, maltotriose, and maltotetraose. The enzyme action proceeded from non-reducing ends of the substrates and seemed to be difficult skipping over the branches of amylopectin.
Maltooligosaccharides
(G3-G6) have been used as reagents for research and as clinical reagents for the determination of serum amylase activi ty.l' G5 has been used as a nutrient for calorie deprivation. 2' This oligosaccharide , as well as G3, G4 and G6 is highly soluble in water and produce clear viscous solutions which are pal atable. Therefore, these compounds may poten tially be of use as superior nutrients for infants and aged persons.
The price of pure mal tooligosaccharides is, however, extremely high, because of the difficulties encountered in pro ducing them in a pure state. Birch and Ethe ridge separated a low molecular weight fraction (LMF) containing G1-G6 and a high molecular weight fraction (HMF) containing polymers higher than G7 by ethanol f ractionation.3)Both fractions were used in feeding experiments with rats. Upwards trends of most tissue lipids and weight gains were observed to correlate with the increasing molecular weight fraction in the order of G1 <LMF <HMF.
Martin and Young reported that G3 was highly digestible and usable as a nutrient in comparison to G1. 4) Recently in Japan, physiologically active (or bio-active) food is being developed at a rapid pace. In the course of the development it is known that maltooligosaccharides such as G3, G4, G5, and G6 have antibiotic properties against plant disease bacteria such as Erwinia caroto vora5) and they also act as specific growth de pressors of detrimental bacteria such as Clos tridium perfringens in the intestines.6? Several reports have been published on the production of maltooligosaccharides such as G2, G3, G4, G5, etc., from starch. G2 production from Symbols,  G1i G2,  G3,  G4,  G5,  G6•cGlo  are  glucose The fraction, which precipitated between 0.3 to 0.5 ammo nium sulfate saturation, was collected and dissolved in a 10 mM phosphate buffer solution (pH 7.0).
The enzyme solution was dialyzed against the same buffer solution at (C for 24 hr. After removal of insoluble materials by centrifugation, the dialyzed enzyme was chromatographed on a DEAE-Toyopearl 650M (Tosoh Co. , Ltd.) column (26.4 x 420 mm), which was eluted using a 10 mM phosphate buffer solution (pH 7.0) and then using a linear gradient of 0(11) to 0.5 M sodium chloride (1 l) in the same buffer solution. Elution was performed at the rate of 200 ml/hr. The concentrated enzyme fraction was re chromatographed on a Toyopearl 650M column (1.6 x 100 mm) using a linear gradient of 0 (200 ml) to 0.3 M sodium chloride (200 ml) at a flow rate of 40 ml/hr.
The concentrated enzyme from the 2 nd chromatography was chromatographed twice using Toyopearl HW-55s column (1.6 x 100 mm) at a flow rate of 9.5 ml/hr with a 10 mM phos phate buffer solution (pH 7.0).
Pure frac tions, which were checked by disc gel electro phoresis, were collected to obtain the pure en zyme solution (75 IU/ml in 10 mM phosphate buffer, pH 7.0).
Determination o f the G4 forming enzyme activity. Half a milliliter of a 2% reduced starch solution, 0.4 ml of 0.1 M phosphate bu ffer (pH 7.0) and 0.1 ml of the enzyme solu tion were mixed, followed by incubation at 30•Ž. An aliquot of the reaction mixture was periodically removed and the reducing sugar formed was determined by the Somogyi-Nelson method.19) One unit was defined as the amount of 1 pmol G4 liberated under the above con ditions.
Paper chromatography and autoradiogra ph y. Ten to fifty pl of the reaction mixture was spotted on a sheet of filter paper (Toyo Roshi No. 50). The paper was then irrigated twice in the ascending mode with a solvent system of 1-butanol : pyridine : water (6 : 4 : 4, v/v at 60•Ž. After the irrigation, the chro matogram was treated with glucoamylase20) and then stained by the silver nitrate dip method.211 In order to examine the action of the enzyme on maltooligosaccharides, two-dimensional paper chromatography was performed by the method of Kainuma and French,20) using 50 pl each of a standard series of maltooligosaccharides.
A standard series of maltooligosaccharides was prepared by mixing 1 g of a-cyclodextrin, 1 g of maltose and 150 THU of cyclodextrin glucanotransferase (macerans enzyme), adjusting the po to 6.0 (no addition of buffer solution), followed by reaction at 40•Ž for 17 hr. buffer for pH 9-11), followed by standing for 60 min at 30•Ž . After this treatment, 0.5 ml of 2% reduced soluble starch, 0.4 ml of 0.1 M phosphate buffer (pH 7.0) and 0.1 ml of the treated enzyme solution were mixed and incubated for 10 min at 40•Ž, and then the remaining activity was determined. The optimum temperature of the reaction was determined by incubating 0.1 ml of the enzyme solution with 0.4 ml of a 0.1 M phosphate buffer solution (pH 7.0) and 0.5 ml of a 2% reduced soluble starch solution for 10 min at various temperatures.
For determination of the thermostability, 0.1 ml of the enzyme solution (0.3IU) was incubated with 0.4 ml of a 0.1 M acetate buffer solution (pH 6.0) at various temperatures for 30 min, and then 0.5 ml of a 2% reduced soluble starch solution was added and the reducing sugar formed was determined after incubation for a further 10 min at 40•Ž.
To determine the effect of calcium ions on the thermostability, the enzyme in 0.1 M acetate buffer (pH 6.0) was incubated for 10 min at various temperatures in the presence and ab sence of 2 mM calcium chloride, and then the remaining activity was determined.
Effects of various metal ions and chemicals. To determine the effects of various metal ions and chemicals, 0.1 ml of the dialyzed enzyme solution (0.3 IU) was mixed with 0.4 ml of a 0.1 M acetate buffer solution containing various metal ions or chemicals and, after standing for 30 min at 30t, 0.5 ml of a 2% reduced solu ble starch solution was added to react for 10 min at 40t. The final concentration of the various metal ions and chemicals was 1 mM.
Relative rate of the enzyme reaction on various substrates.
A reaction mixture, con sisting of 0.5 ml of a 2% substrate solution, 0.4 ml of a 0.1 M phosphate buffer solution and 0.1 ml of the . enzyme solution (0.3 IU), was incubated for 10 min at 40•Ž and then the reducing sugar formed was determined.
RESULTS

Purification
of the enzyme. At the ammo nium sulfate fractionation step, the recovery of G4-forming enzyme activity was 95%. Seventy The fractions having the activity (5 ml/fraction) in tube numbers 127-142 were collected, dialyzed and concentrated to 15 ml for the second column chromatography.
percent of the enzyme was recovered from a DEAE-Toyopearl 650M column at the concen tration of 0.1-0.2 M sodium chloride (Fig. 1) . Subsequently, on the rechromatography on a DEAE-Toyopearl 650M column, only one sym metrical protein peak associated with the enzyme activity was obtained.
The enzyme was further purified by gel filtration on Toyopearl HW-55s twice (Fig. 2) . At this stage, the enzyme preparation gave a single band on disc gel electrophoresis (ref. Fig. 11 ). A summary of the purification is given in Table 1 . At the final stage, the enzyme was purified about 150-fold and had a specific activ ity of 434IU/mg.
The activity recovery was 19%.
Properties of the enzyme. Figure 3 shows the optimum pH and pH stability of the en zyme. The optimum pH of the enzyme was 6. 7, and the enzyme retained more than 90% of its activity between pH 5.5 and 10.5. Figure 4 shows the optimum reaction tem perature and thermostability of the enzyme. The optimum temperature of the enzyme was 55•Ž. As to thermostability, the enzyme was stable up to 40•Ž, and in the presence of 2 mM calcium chloride the stability was increased by 5•Ž (Fig. 5) . Figure 6 shows molecular weight determina tion of the enzyme by SDS-PAGE.
The elec trophoresis was carried out using thermostable The fractions having the activity (9.5 ml/fraction) in tube numbers 30-33 were collected and concen trated, and the concentrated enzyme solution was applied on the second gel filtration column. molecular weight of the enzyme was also esti mated as 61,000 by using gel column chroma tography of Toyopearl HW-55s. Table 2 shows the effects of various metal ions and chemicals on the enzyme activity. The enzyme action was slightly enhanced by Sr2+ , but was not affected by Ca2+ and Rb+ at 1 mM. On the other hand, the activity was inhibited by Mn2~, Zn2+, A13+, Fe3+ , Cue, Co2+, Ag+ and Hg2+ in this order.
At 1 mM , iodoacetamide, SDS and L-cysteine did not affect the activity but p-chloromercuribenzoic acid considerably affected it.
Hydrolysis of various substrates. The mu tarotation of the product from soluble starch during the enzyme action was examined. A mixture composed of final 1% concentration of soluble starch, enzyme concentration 5 IU/g substrate and final 10 mm phosphate buffer (pH 7. 0) was reacted at 30°C, and periodically sampled (15 pl) to spot on the paper. • G7, and G4 + G4 from G8, respectively. Figure  10 shows a two-dimensional autora diogram illustrating the action of the enzyme on maltooligosaccharides which were 14C la belled at each reducing end. A radioactive fragment of G1 was formed from Gs, and GZ from Gs, G3 from G7, G4 from G8, G1 from G9 and so on through the action of the enzyme on the paper.
From the results, the action of the G4-form ing enzyme can proceed from the non-reducing end of the substrates.
DISCUSSION
The G4-forming enzyme hydrolyzes sub straingtes, seems to hardly skip over the branch points of branched substrates such as amy lopectin and glycogen, to specifically produce G4 during the reaction. It will be useful to determine the degrada tion limit of a branched substrate with the enzyme and the length of the branches on the stem of substrates. The details of the action of the enzyme on branched substrates will be reported elsewhere.
As for the production of G4, in the case of using amylopectin, addition of pullulanase or other kinds of debranching enzymes is necessary to enhance the yield. On the con trary, without debranching enzyme, it will be quite effective to separate G4 from the reaction mixture of amylopectin by precipitating with organic solvents such as ethanol, acetone and so on and by use of ultra filtration membrane or a membrane reactor, because the reaction mixture contains G4 and large molecular weight of dextrins. The action of the novel G4-forming enzyme (saccharophila enzyme) is quite similar to that of the previously reported G4-forming enzyme of Pseudomonas stutzeri,17) but it is consider ably different from that of stutzeri enzyme in the following respects: saccharophila enzyme is more stable than stutzeri enzyme on pH and temperature; molecular weight of saccharophi la enzyme is larger than that of St utzeri enzyme; and their isoelectric points are quite different from each other.
Consequently, the mobility on disc gel electrophoresis is different as shown in Fig. 11 . The properties of both enzymes are summarized in Table 4 .
